Contents III
CONVERSION FACTORS
In this report, some measurements are given in inch-pound units and some geophysical data are reported in International System of Units.
Conversion factors from inch-pound units to International System of Units are listed below. To convert from International System of Units to inch-pound units multiply by the reciprocal of the conversion below.
Multiply
By 
INTRODUCTION
The presence of high selenium concentrations in shallow ground water in parts of the western San Joaquin Valley (Deverel and others, 1984) has caused concerns about the sources and distribution of selenium and its movement in the ground-water system.
To address these concerns, the U.S. Geological Survey is conducting a comprehensive investigation of the hydrology and geochemistry of the San Joaquin Valley.
The studies are being done in cooperation with the San Joaquin Valley Drainage Program and as part of the Regional Aquifer System Analysis Program of the U.S. Geological Survey.
The studies include a testdrilling program to provide new data on geology, water levels, and ground-water chemistry.
The purpose of this report is to present a compilation of the data collected during the first part of the testdrilling program. The test drilling was done in western Fresno County in the area west of the San Joaquin River and Fresno Slough, and east of the Coast Range ( fig. 1) .
Twenty-four test holes were drilled at 15 sites between June 3 and August 29, 1985 . Data presented in this report include lithology logs, geophysical logs, and initial water-level measurements.
LOCATION AND PURPOSE OF TEST HOLES
Eleven of the 24 test holes are located at two cluster sites ( fig. 1) . Cluster sites are sites at which two or more wells are installed at different depths. Cluster site A has five cased test holes, plus one which was drilled but subsequently destroyed.
Cluster site B has five cased test holes. The test holes at the cluster sites were drilled and cased to provide data from which to interpret vertical flow characteristics and variations in ground-water chemistry with depth.
Thirteen additional test holes are single-hole sites ( fig. 1) .
Of the 13, six were cased, one was cased but later destroyed, and six were backfilled with drill cuttings.
Test holes were either cased if ground water was encountered, or backfilled with drill cuttings if the water table could not be reached. The test holes at the single-hole sites were drilled to assess geology, depth to ground water, and shallow ground-water chemistry.
WELL-NUMBERING SYSTEM
The well-numbering system used in California by the U.S. Geological Survey and the State of California indicates the location of wells according to the rectangular system for the subdivision of public lands. Their identification consists of a township number, north or south; the range number, east or west; and the section numbers.
Each section is further divided into sixteen 40-acre tracts lettered consecutively (except I and 0), beginning with A in the northeast corner of the section and progressing in a sinusoidal manner to R in the southwest corner. Within each 40-acre tract, wells are sequentially numbered in the order they are inventoried.
The final letter in a well identification number refers to the base line and meridian. All wells in the study area are referenced to the Mount Diablo base line and Meridian (M). The following illustration shows how the well ijumber 17S/15E-36Q3 is derived.
METHODS

Test-Hole Completion
Two procedures were used to drill and complete the test holes.
Test holes at cluster sites were drilled by a mud rotary rig using a 12.75-inch bit. They were cased with 6-inch diameter, Certa-lok 1 polyvinyl chloride (PVC) well casing.
Cluster site test holes have a use of brand, firm, or trade names in this report is for identification purposes only and does not imply endorsement by the U.S. Geological Survey. 
CLUSTER SITE A (13S/15E-31J)
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WELL-NUMBERING SYSTEM
10-foot screened interval 5 feet above the bottom of the casing. The annulus is sand packed to the top of the screened interval and sealed with Volclay bentonite grout to land surface (see fig. 2 ).
The test holes at single-hole sites were drilled by an auger rig using a standard 6-inch flight-auger bit. These are cased with 2-inch diameter, PVC well casing, and have a 5-foot, gravel-packed screen at the bottom. The annulus is backfilled with drill cuttings from 5 feet above the screened interval to land surface. All test holes are finished with a protective steel casing cover and locking cap, secured with a cement plug.
Records of selected data and completion information for each test hole are shown in table 1, and the two types of well completion are illustrated in figure 2. (table 3) W Initial water level (table 1) LOS ANGELES FIGURE 1. Location of the study area and ground-water test holes. Table 1 .
Records of selected data and completion information for test holes
[All wells were drilled in June, July, or August 1985; , no data] Location: See explanation of well-numbering system (page 2). Locations that end with numbers are also official State well numbers.
Drilling method: A, auger; R, rotary. Drilling mud was used in all rotary-drilled boreholes.
Total depth: Depth, in feet, below land surface. I
Casing: There is 5 feet of blank casing below each screen interval in the rotary drilled holes.
Altitude of land surface: Datum is sea level. Surveyed altitudes are given in feet and decimal fractions; approximate altitudes interpolated from 7.5-minute topographic quadrangles are given in feet.
Water level: Initial water level, in feet, below 1and|surface batum.
Other data available: G, geophysical logs (fig. 3) ; L, lithology log (table 3) . 
Data for Ground-Water Test Holes, San Joaquin Valley, California 
Compilation of Lithology Logs
Lithologic logs were compiled from descriptions of drill cuttings and cores collected from all test holes and from observations recorded during drilling. At the deepest hole at each cluster site, drill cuttings were collected at 10-foot intervals and at distinguishable lithology changes.
At all single-hole sites, cores were collected continuously for the first 10 feet and last 5 feet of the test holes, and at frequent intervals in between.
Drill cuttings and cores were described by texture, color, sorting, roundness, cohesiveness, and any other significant features.
Texture descriptions given in table 2 follow the National Research Council grain-size classification (National Research Council, 1947) .
This classification system is used so that general grain-size terms like sand and clay can be correlated to size limits in millimeters or inches. Color was determined by us-ing moist samples following numerical color designations in the Munsell Soil Color Charts (Munsell Color, 1975) .
Other physical characteristics describing the drill cutting and cores were determined using Compton f s Field Manual (Compton, 1985, p. 27-31, 48-51, 212-219, 238-241) and AGI Data Sheets (Dietrich and others, 1982) .
Salt precipitates in the samples were selectively analyzed for mineral composition using an X-ray diffractometer.
The analyses show that the salts are commonly gypsum and occasionally calcite. Dolomite and thenardite (NaSO^) are sometimes present in trace amounts (S.J. Deverel, U.S. Geological Survey, oral commun., 1986) .
Lithology logs of the drill cuttings and cores (table 3, at the end of report) are divided into intervals based on texture.
The geophysical logs were used to determine lithologic boundaries more accurately. Table 2 . Grain-size classification [From National Research Council, 1947 fig. 3) . A caliper log of this hole was not made because the caliper tool was not working properly.
Logs were manually digitized and computer plotted.
The neutron and compensated gamma-gamma curves were smoothed by using a three-point moving average smoothing algorithm.
Normal resistivity devices measure the apparent resistivity of a volume of rock under the direct application of an electric current.
These logs generally are used to determine formation resistivity, formation porosity, and fluid resistivity.
Resistivity logs also can be used for geologic correlations (Keys and MacCary, 1983) . Natural-gamma devices measure the amount of natural-gamma radiation that is emitted by rocks. Natural-gamma logs are used primarily as lithology indicators, and for geologic correlations (Keys and MacCary, 1983) .
Neutron devices consist of a source that emits neutrons and a detector. The neutrons travel through a fluid column and into the surrounding rock where they collide with atomic nuclei and lose some of their energy.
Neutrons lose Tnost of their energy in collisions with hydrogen atom nuclei due to their similar masses. These low-energy neutrons are not detected by the logging device; therefore, low neutron counts on the log indicate higher hydrogen content of the surrounding formation.
Neutron logs are used mainly to estimate moisture content above the water table, and total porosity below the water table (Keys and MacCary, 1983) .
Gamma-gamma devices record the intensity of gamma radiation from a source in the logging tool after it is backscattered and attenuated within the borehole and surrounding rocks. The gamma radiation absorbed in this process is proportional to the electron density of the surrounding material penetrated. Electron density is approximately proportional to the bulk density of most rocks (Keys and MacCary, 1983) .
The compensated gamma-gamma device used in this study is equipped with two detectors at different distances from the source, and a single caliper arm to force the tool against the wall of the borehole. This system minimizes the effects caused by changes in borehole diameter, and density changes in the borehole fluid.
The single-arm caliper device also provides a continuous measurement of the changing borehole diameter. Gamma-gamma logs are mainly used as lithology indicators, and to measure the bulk density and porosity of rocks.
Spontaneous potential-devices measure voltage differences that exist between the borehole fluid and the surrounding rock.
The spontaneous-potential log is used mainly for determining bed thickness and for geologic correlations (Keys and MacCary, 1983) . Sand (fine), moderately silty, moderate brown (5YR4/4), predominantly quartz with some lithic fragments; moderately well sorted; no reaction to HC1; friable.
13S/15E-31J6
Sand (medium), slightly silty, moderate yellowish brown (10YR5/4), slight iron stain, composed of quartz (about 90 percent) and lithic fragments and black grains (about 10 percent); subangular to well rounded; moderately well sorted, no reaction to HC1; loose.
23.8 27.3 Sand, as above, dark yellowish brown (10YR4/2) to dusky yellowish brown (10YR2/2).
27.3 27.5 Sand (medium to coarse), moderate yellow brown (10YR5/4), composed of quartz (about 90 percent), lithic fragments (about 5 percent) and black (Nl) grains including mica (about 5 percent); no reaction to HC1; loose. CUTTINGS 27.5 34 Sand (medium to coarse, predominantly coarse), grains are different colors, primarily white and clear, with some gray and black, overall color is medium bluish gray (5B5/1); subangular to rounded; moderately well sorted; woodchips present ranging from 0.05 to 0.3 in. long; loose. 30.1 49.0 Clay, moderately silty and sandy, dark grayish brown (2.5Y4/2) to olive brown (2.5Y4/4), massively bedded; platy structure in places; faint laminae visible in places; abundant stringers of fine sand are unevenly distributed throughout the clay; sand and silt content of the clay varies throughout; salt precipitates are present in root pores in places; moisture content appeared to decrease with depth; clay becomes firmer with depth; very sticky when wet; moderate reaction to HC1.
Test hole 14S/13E-12D1.
Altitude of land surface, approximately 283 feet. Drilled by U.S. Geological Survey auger rig, June 4, 1985. Total depth, 32.5 ft. Screened interval, 27.5-32.5 feet. CORE 0 1.2 Sand (very fine to medium, predominantly fine), moderately clayey, dark grayish brown (2.5Y4/2), composed of predominantly quartz, with minor dark grains and lithic fragments, subangular to subrounded, poorly sorted, weak reaction to HC1, slightly cohesive.
1.2 2.5 Sand (very fine to medium), extremely silty, light olive brown (2.5Y5/4), composed of quartz (about 90 percent) and black, red, yellow and orange grains (about 10 percent) subangular; 2 or 3 interbeds of laminated silt, 0.5 in. thick; moderately sorted; weak reaction to HC1; loose. 13.5 18.5 Sand (fine to coarse, predominantly medium), slightly gravelly, extremely clayey near the top of the interval to slightly clayey at the bottom; sand fraction varies from gray to white, with some dark gray to black; coarse fraction is predominantly quartz grains, some dark grains and lithic fragments; very poorly to poorly sorted; subangular.
Test hole 15S/13E-13R2. 4.4 6.8 Sand (fine to medium), moderately silty, moderately brown (7.5YR4/4); minor white, rounded clasts as above (up to 0.1 in. in diameter) are present; minor stringers of salt precipitates and some clay rich nodules that are friable; weak reaction to HC1; loose.
6.8 8.4 Sand (fine to medium), extremely clayey, yellowish brown (10YR5/4), composed of quartz grains (about 85 percent) and lithic fragments (about 15 percent), subangular to well rounded; some soft, white clasts, as above, up to 0.1 in. in diameter and minor salt precipitates; strong reaction to HC1; slightly cohesive. CORE 0 2.5 Sand (very fine to medium, predominantly fine), extremely silty, pale olive (5Y6/4); some stringers of salt precipitates; strong reaction to HC1; slightly cohesive.
2.5 7.5 Sand (fine to medium, predominantly fine), extremely silty, light olive brown (2.5Y5/6); strong reaction to HC1; slightly cohesive.
7.5 8.5 Sand (fine to medium, predominantly fine), moderately silty, composed of quartz (80 percent) and black lithic fragments (20 percent), angular to rounded, strong reaction to HC1, loose.
8.5 10.0 Sand (fine to very coarse, predominantly coarse) and gravel (fine to medium), sample is about 85 percent sand and 15 percent gravel; sand fraction is composed of white and clear quartz (about 78 percent) and black, green, gray and orange lithic fragments (about 22 percent); angular to well rounded; gravel fraction is mostly black and dark gray lithic fragments and some white quartz, subrounded to well rounded; no reaction to HC1; loose.
10.0 12.0 Sand (very fine to coarse, predominantly medium), moderately silty and clayey, light olive brown (2.5Y5/6); occasional clay-rich clasts with faint laminae are present; strong reaction to HC1; slightly cohesive.
12.0 12.5 Sand (fine to medium), light olive brown (2.5Y5/6), massively bedded; abundant stringers and blebs of salt precipitates; some very dark gray (10YR3/1) rounded clay clasts are present; strong reaction to HC1; cohesive.
12.5 15.0 Sand (fine to medium, predominantly medium), moderately silty and clayey; light olive brown (2.5Y5/6); abundant soft rounded clay rich clasts, some with numerous salt precipitate stringers; strong reaction to HC1; slightly cohesive.
15.0 16.0 Sand (fine to medium), moderately silty, light olive brown (2.5Y5/6); some slightly resistant sand layers with faint laminae are present; some dark brown clay rich layers with abundant salt precipitate stringers are present; strong reaction to HC1; slightly cohesive.
16.0 18.0 Sand (fine to medium), silty, light yellowish brown (2.5Y6/4); moderately clay rich clasts with platy appearance are present; strong reaction to HC1, slightly cohesive.
18.0 19.0 Sand, as above (very fine to fine).
19.0 20.5 Sand, as above (fine to medium).
20.5 21.5 Sand (fine to medium), extremely clayey and silty, light yellowish brown (2.5Y6/4); abundant clay stringers, massive; faint laminae; strong reaction to HC1; cohesive.
The following descriptions are for composite samples from 10 ft intervals that were collected while airrotary drilling.
CUTTINGS 20 30 Clay, moderately sandy (very fine to mediui|i, predominantly fine), light olive brown (2.5Y5/7), strong reaction to HC1; cohesive. 90 100 Sand (medium to coarse) and gravel (very fine to medium), olive brown (2.5Y4/4), 80 percent of sample is sand, 15 percent is gravel; numerous gypsum crystals up to 0.5 in. are present, loose. 100 110 Sand (medium to coarse), slightly clayey, olive brown (2.5Y4/4), composed of clear and white quartz (about 90 percent) and black grains and lithic fragments (about 10 percent), angular to well rounded; numerous gypsum crystals up to 0.2 in. in length; moderate reaction to HC1; loose. 110 120 Sand (medium to coarse), clay (more clay than preceeding sample), and gravel (fine to medium), light olive brown (2.5Y5/4), about 70 percent of sample is sand, about 20 percent is clay and about 10 percent is gravel, numerous gypsum crystals up to 0.5 in. long are present; strong reaction to HC1; cohesive. 120 130 Sand (fine to medium, predominantly medium), moderately clayey, light olive brown (2.5Y5/4), composed of primarily quartz grains and about 15 percent lithic fragments, subangular to rounded; moderate amount of gypsum crystals (up to 0.2 in. long) are present; strong reaction to HC1; cohesive. From 210 to 460 ft, the borehole was drilled using foam and no samples were collected. The 6 in. diameter air and foam drilled hole was reamed (using mud rotary technique) to 12.25 in. Samples for the interval 210 to 460 ft were collected every 10 ft while reaming.
210
Sand (fine to medium, predominantly fine), extremely clayey, light olive brown (2.5Y5/4), primarily quartz with different colored lithic fragments, very cohesive. 
